This research deals with the deeper analysis of the novel concept of a multi-chaos-driven evolutionary algorithm Differential Evolution (DE). This paper is aimed at the embedding and alternating of set of two discrete dissipative chaotic systems in the form of chaos pseudo random number generator for DE. Repeated simulations were performed on the selected test function in higher dimensions. Finally, the obtained results are compared with canonical DE.
INTRODUCTION
These days the methods based on soft computing such as neural networks, evolutionary algorithms, fuzzy logic, and genetic programming are known as powerful tool for almost any difficult and complex optimization problem. Differential Evolution (DE) (Price 1999 ) is one of the most potent heuristics available. This paper is aimed at the investigating the novel concept of multi-chaos driven DE. Although a number of DE variants have been recently developed, the focus of this paper is the embedding of chaotic systems in the form of chaos pseudo random number generator (CPRNG) into the DE (ChaosDE). Firstly, the motivation for this research is proposed. The next sections are focused on the description of evolutionary algorithm DE, the concept of chaos driven DE and the used test function. Results and conclusion follow afterwards.
MOTIVATION
This research is an extension and continuation of the previous successful initial experiments with chaos driven DE (Senkerik et al. 2014) , (Senkerik et al. 2013) with test functions in higher dimensions. In this paper the novel initial concept of DE/rand/1/bin strategy driven alternately by two chaotic maps (systems) is more deeply studied. From the previous research, it follows that very promising results were obtained through the utilization of different chaotic maps within the ChaosDE concept. The idea was then to connect these several different influences given by different CPRNGs to the performance of DE into the one multi-chaotic concept. This paper is aimed to the deeper analysis of the novel Multi-ChaosDE concept and the performance dependency on switching of the driving chaotic systems. Recent research in chaos driven heuristics has been fueled with the predisposition that unlike stochastic approaches, a chaotic approach is able to bypass local optima stagnation. A chaotic approach generally uses the chaotic map in the place of a pseudo random number generator (Aydin et al. 2010 ). This causes the heuristic to map unique regions, since the chaotic map iterates to new regions. The task is then to select a very good chaotic map as the pseudo random number generator. The initial concept of embedding chaotic dynamics into the evolutionary algorithms is given in (Caponetto et al. 2003) . Later, the initial study (Davendra et al. 2010) was focused on the simple embedding of chaotic systems into the DE in the form of chaos pseudo random number generator (CPRNG). Also the PSO (Particle Swarm Optimization) algorithm with elements of chaos was introduced as CPSO (Coelho and Mariani 2009) . The chaos embedded PSO with inertia weigh strategy was closely investigated (Pluhacek et al. 2013a) afterwards, followed by the introduction of a PSO strategy driven alternately by two chaotic systems (Pluhacek et al. 2013b ). The primary aim of this work is not to develop a new type of pseudo random number generator, which should pass many statistical tests, but to try to use and test the implementation of natural chaotic dynamics into evolutionary algorithm as a multi-chaotic pseudo random number generator.
DIFFERENTIAL EVOLUTION
DE is a population-based optimization method that works on real-number-coded individuals (Price 1999 ( )
ChaosDE AND MultiChaosDE CONCEPT
The general idea of ChaosDE and CPRNG is to replace the default PRNG with the discrete chaotic map. As the discrete chaotic map is a set of equations with a static start position, we created a random start position of the map, in order to have different start position for different experiments (runs of EA's). This random position is initialized with the default PRNG, as a oneoff randomizer. Once the start position of the chaotic map has been obtained, the map generates the next sequence using its current position. From the previous research it follows, that very promising results were obtained through the utilization of Delayed Logistic, Lozi, Burgers and Tinkerbelt chaotic maps within the (single) ChaosDE concept. The last two mentioned chaotic maps have unique properties with connection to DE: strong progress towards global extreme, but weak overall statistical results, like average CF value and std. dev., and tendency to premature stagnation. While through the utilization of the Lozi and Delayed Logistic map the continuously stable and very satisfactory performance of ChaosDE was achieved. The idea is then to connect these two different influences to the performance of DE into the one multichaotic concept (Multi-ChaosDe).
SELECTED DISCRETE CHAOTIC SYSTEMS
This section contains the description of discrete dissipative chaotic maps used as the chaotic pseudo random generators for DE. In this research, direct output iterations of the chaotic maps were used for the generation of real numbers in the process of crossover based on the user defined CR value and for the generation of the integer values used for the selection of individuals. Following chaotic maps were used: Burgers (2), and Lozi map (3).
The typical chaotic behavior of the utilized maps, represented by the examples of direct output iterations is depicted in Fig. 1 (Burgers map) and Fig. 3 (Lozi map) . The illustrative histograms of the distribution of real numbers transferred into the range <0 -1> generated by means of studied chaotic maps are in Figures 2 and 4 .
Burgers Map
The Burgers mapping is a discretization of a pair of coupled differential equations which were used to illustrate the relevance of the concept of bifurcation to the study of hydrodynamics flows. The map equations are given in (2) with control parameters a = 0.75 and b = 1.75 as suggested in (Sprott 2003) . 
Lozi map
The Lozi map is a discrete two-dimensional chaotic map. The map equations are given in (3). The parameters used in this work are: a = 1.7 and b = 0.5 as suggested in (Sprott 2003) . For these values, the system exhibits typical chaotic behavior and with this parameter setting it is used in the most research papers and other literature sources. The novelty of this research represents the simulation of the DE performance dependency on switching of the driving chaotic systems. In this paper, the canonical DE strategy DERand1Bin and the Multi-Chaos DERand1Bin strategy driven alternately by two different chaotic maps (ChaosDE) were used. The parameter settings for both canonical DE and ChaosDE were obtained analytically based on numerous experiments and simulations (see Table 1 ). Tables 2 and 3 The graphical comparison of the time evolution of average CF values for all 50 runs of ChaosDE/MultiChaosDE and canonical DERand1Bin strategy is depicted in Fig. 6 . Finally the Figures 5 a) -5d ) confirm the robustness of Multi-ChaosDE in finding the best solutions for all 50 runs. Obtained numerical results given in Tables 2 and 3 
RESULTS ANALYSIS
For the both Burgers-Lozi-Switch versions the progressive Burgers map CPRNG secured the faster approaching towards the global extreme from the very beginning of evolutionary process. The very fast switch over to the Lozi map based CPRNG (Burgers-LoziSwitch-500 version) helped to avoid the Burgers map based CPRNG weak spots, which are the weak overall statistical results, like average CF value and std. dev.; and tendency to stagnation. This version was able to reach the best individual minimum CF value. The aforementioned weak spots of the Burgers map based CPRNG have fully revealed in the case of later alternating of both maps. The initial faster convergence (starting of evolutionary process) and subsequent continuously stable searching process without premature stagnation issues are visible from Fig. 6 (red and green lines). Through the utilization of Lozi-Burgers-Switch versions, the strong progress towards global extreme given by Burgers map CPRNG helped to the evolutionary process driven moderately from the start by mans of Lozi map CPRNG to achieve the best avg. CF and median CF values. The moment of switch (at 500 and 1500 generations) is clearly visible from Fig. 6 (magenta and black lines). From the results, it seems that it is better to keep the Lozi map based CPRNG for more generations to ensure the stable searching process.
CONCLUSION
In this paper, the novel concept of multi-chaos driven DERand1Bin strategy was more deeply analyzed and compared with the canonical DERand1Bin strategy on the selected benchmark function in higher dimension. 
